Background:
Introduction
Epilepsy is a neurological disorder characterized by chronic tendency of recurring, unprovoked seizures. The quality of life could be significantly impaired by epileptic seizures, especially for children under 14 years [1] . The children with epilepsy, whose seizures onset was early and frequency was so high that their development was stagnated, are usually defined as "catastrophic childhood epilepsy" [2] . A couple of previous
Research Tianfu Li studies showed that the prognosis of children with catastrophic epilepsy depends on the etiology and the early control of the seizures [3] [4] [5] . Surgical treatment has been regarded as most effective way to control the seizures of children with catastrophic epilepsy [6] . Unfortunately, the children with catastrophic epilepsy and surgical contraindication, are defined as treatmentresistant [7] . Under those circumstances, vagus nerve stimulation (VNS) is an optimal approach to achieve the control of seizures of children with treatment-resistant catastrophic epilepsy [8] . Moreover, an increasing body of literature confirmed the efficacy of seizure reduction by VNS in pediatric patients with refractory epilepsy [9, 10] .
In addition to the effect on seizure reduction, the efficacy of VNS on neuropsychiatric outcomes, including improvement of quality of life, behavior, cognition, was still a controversial issue [11] [12] [13] . Our purpose was to access the efficacy on seizure reduction, to evaluate the efficacy on neuropsychological outcomes by using Denver Developmental Screening Test (DDST) and Wechsler Intelligence Scale for ChildrenChinese (WISC-C).
Material and Methods
In this single-center, retrospective study, we reviewed data for all children (1~14 years) implanted with vagus nerve stimulator. The objectives of this study were not only to access efficacy on seizure, but also to evaluate efficacy on neuropsychological outcome in children. Every child has detailed medical data, including age, gender, age at onset, age at VNS, seizure type, antiepileptic drugs, magnetic resonance imaging, electroencephalograph and neuropsychological outcomes. Seizure frequency, duration and severity were recorded at baseline (before VNS), 12 months and 24 months. The efficacy on seizure frequency was divided into seizure free, reduction ≥75%, reduction <70% to ≥50%, reduction <50% and exacerbation. The efficacy on seizure duration or severity was divided into no alterations, reduction ≥50%, reduction <50%. For children under 6, years, Denver Developmental Screening Test (DDST) was used to assess social and personal skills, gross motor functions, fine motor function, and language function. For children between 6 and 14 years, full scale intelligence quotient, verbal comprehension, perceptual reasoning, working memory, processing speed was assessed by Wechsler Intelligence Scale for ChildrenChinese (WISC-C).
Statistical analysis was performed using SPSS statistical software version 19.0 for Windows (SPSS Inc., Chicago, IL, USA). Nonparametric data were assessed using the Wilcoxon test. The significance of P value was divided into <0.05, <0.01, <0.001.
Results

Study population
VNS devices were implanted in 56 children (42 boys and 14 girls) between May, 2008 and December, 2013 in our center ( Table 1 ). All children treated with VNS were diagnosed with refractory epilepsy but not amenable to surgery. According to the classification of the International League against Epilepsy (ILAE), 56 children were diagnosed with refractory epilepsy (4 cases of malformations of cortical development, 9 cases of infection, 2 cases of trauma, 16 cases of hypoxic ischemic encephalopathy, 11 cases of West syndrome, and 14 cases of Lennox Gastaut syndrome).
The mean age of onset was 3.54 years(standard deviation 3.47 years), and the epilepsy duration ranged between 11 months and 10 years with a mean of 4.84 years (standard deviation 2.77 years). The average seizure frequency at baseline was as follows: <10 seizures /month in 4 patients (7.1%), 10-100 seizures /month in 24 patients (42.9%), and >100 seizures/month in 28 patients (50.0%). All diagnosis and follow-up were ensured by pediatric neurologists in our epilepsy center.
Efficacy on seizures
At 12 months follow-up, 46.4% of the children achieved response on seizure frequency (reduction >50%), including 5.4% were seizure-free ( Figure  1 ). In addition, 26.4% of the children achieved reduction ≥50% of seizure duration, 32.1% of them achieved reduction ≥50% of seizure severity (Figure 1) . 57.2% of the children were responders who achieved >50% reduction from baseline to 24 months following up, while the percentage of seizure-free was still 5.4% ( Figure  1 ). In aspect of seizure duration and severity, the percentage of responders was up to 35.2% and 37%, respectively.
Efficacy on neuropsychological outcomes
All children under 6 years, except 3 children refused to receive follow up at 24 months, were accessed using DDST by pediatric neurologist
The Neuropsychological Efficacy of Vagus Nerve Stimulation in 56 Children with Catastrophic Epilepsy at baseline, 12 months and 24 months, on the other hand, the children between 6 and 14 years were accessed using WISC-C at baseline, 12 months and 24 months. All the children presented neuropsychological improvement, especially those under 6 years. Among the children under 6 years, the gross motor functions and fine motor function were enhanced by 37.3%, 35.9% of baseline at 12 months. At 12 months, the personal-social function presented a 47.9% increase of baseline. In particular, the language function was improved obviously, which presented a 52.8% increase of baseline at 12 months (Figure 2) . At 24 months following up, the gross motor functions and fine motor function enhanced by 104.8%, 90.8% of baseline. In addition, the personal-social function presented a 129.5% increase of baseline at 24 months, and 140.6% increase of language function of baseline was achieved at 24 months (Figure 2 ).
Among the children between 6 and 14 years, the neuropsychological improvement they presented was slight but significant. The full scale intelligence quotient presented 9.5%, 16.8% increase of baseline at 12, 24 months. The perceptual reasoning, working memory and processing speed were enhanced by 5.4%, 9.4% and 13.4% of baseline at 12 months, and 9.5%, 12.0% and 18.7% of baseline at 24 months. Unlike the children under 6 years, the children between 6 and 14 years presented merely 4.9%, 13.4% increase of verbal comprehension of baseline at 12 months, 24 months (Figure 3) .
Discussion
Previous studies have demonstrated VNS as an effective treatment for pediatric patients with refractory epilepsy [11, 14] . We focused on the children who fulfill the criteria described below: i) younger than 14 years; ii) seizure frequency>10 per month; iii) lack the effectiveness of more than 2 antiepileptic drugs. Our study confirmed the efficacy of seizure frequency, duration and severity within the children treated with VNS implantation. It is of importance, we also confirmed the improvement of neuropsychological outcomes of VNS in the analysis population.
The previous data have demonstrated that the psychomotor development of children could be greatly impaired by frequent seizures. In the distinct of pathophysiology, cortical-subcorticalcortical loops contributed to widespread functional disturbance [15] , and abnormal sleep, which was disrupted by nocturnal seizures, Research Tianfu Li duration and severity) and neuropsychological outcomes during first 2 years. Our findings were consistent with most of previous studies [19, 20] . The efficacy could be increased in many years after VNS implantation [21] .
In our study, we found that the neuropsychological improvement of children aged <6 years was much stronger than those aged 6-14 years (Figures 2  and 3) . Within children aged <6 years, DDST outcomes revealed great increase of the language function at 24 months following up. Between 12 months and 24 months following up, the personal-social function presented obvious increase from 47.9% to 129.5%, which highly indicated that reduction of seizure burden could be beneficial for the children to integrate themselves into society.
could retard normal cortical processing [16] . For children older than 6 years, the development of cortical neurons could be decelerated but synaptic plasticity was still maintained, suggesting deterioration of synaptic plasticity caused learning difficult by producing imbalances between excitation and inhibition [17] .
American pioneers firstly introduced the concept of catastrophic childhood epilepsy which was not recommended by the ILAE [4] . Most of previous studies defined the criteria of onset age of catastrophic childhood epilepsy as younger than 6 years [3, 6, 18] . However, according to our study, it was also significant to achieve the control of children aged 6-14 years with frequent seizures. We observed a progressive increase of response rate in seizure characters (frequency, The Neuropsychological Efficacy of Vagus Nerve Stimulation in 56 Children with Catastrophic Epilepsy
Conclusion
Most of studies of VNS were designed as retrospective ones [11, 14, 19, 20, 22] , including our study. Therefore, it was impossible to separate natural history from the efficacy of VNS implantation [23] . By using DDST and WISC-C, which have been considered as effective tests to screen neurological development in children [24, 25] , we elucidated the neuropsychological improvement of the children treated with VNS implantation. However, the improvement cannot be totally excluded the effect of natural brain development in pediatric population.
It is notable concern that we found the neuropsychological improvements of the children treated with VNS, including the children aged less than 6 years and those aged 
Conflicts of interest
The authors declare that they have no conflict of interest.
6-14 years. These findings further emphasize the need of early VNS implantation in children with refractory epilepsy, especially in catastrophic childhood epilepsy.
